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Introduction
In RAN1#94b meeting, the following agreements have been made for NOMA related procedures [1].
	Agreements:
· Channel structure consisting of preamble and data can be considered for supporting the asynchronous transmission:
· Preamble in Rel-15 can be considered as the starting point. 
· Additional components can be included if necessary, e.g., the UL channel for assisting the UE detection or GP.

Agreements:
· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 
· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).
· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.
· FFS signaling 
· FFS how to handle the collision of MA signature/resource
· FFS the mapping between RS and other MA signatures


In this contribution, we will focus on collision control methods and resources configuration methods for NOMA which are the main issues needed to be enhanced compared to Rel-15 NR design.
Collision mechanism
For NOMA transmission, although data of different users can be transmitted at the same physical resources non-orthogonally, in order to receive the data correctly, generally DMRS for different users are needed to be transmitted orthogonally and different MA signatures need to be used for different users.
In this case, if the same DMRS orthogonal resources or same MA signature is used for more than one concurrent users, the receiver cannot distinguish each user. Currently, two main configurations can be considered for DMRS/MA signatures, random section and pre-configuration.
For random selection, each UE will select the DMRS ports by themselves. As shown in Fig. 1, in this case the collision is inevitable and collision control mechanism is needed. 
[image: ]
Figure 1 Probability of DMRS collision for random selection
For pre-configure case, in order to support more potential UEs, same DMRS/MA signatures may be configured for different UEs. In this case, DMRS/MA signatures collision may still have chance to occur. The collision control mechanism is still needed.
Observation 1: Collision control mechanism is needed for NOMA transmission.
In the following subsections, we propose two ways to control the impact of collision. One is to increase the number of orthogonal resources. Another way is to design the mapping between DMRS and MA signature.
Extended DMRS design
One of the main reason of DMRS collision for both random selection and pre-configuration is the limited number of DMRS orthogonal resources. 
Assume UEs randomly select the DMRS from all the DMRS resources, then for two simultaneous UEs, the probability of collision is shown in Fig. 2.
[image: ]
Figure 2 The probability of DMRS collision for two simultaneous UEs
It can be seen that the probability of collision will be significantly reduced with the increase of number of DMRS ports. 
In order to increase the DMRS ports, extended DMRS design is proposed. To keep the backward compatibility, the extended DMRS can be obtained based on the DMRS in NR Rel-15. The basic idea of the proposed method is to sparse the NR DMRS type1 & type 2 under the condition of orthogonal sequence and same overhead with NR. For example, the extended DMRS supporting different number of ports can be provided in Fig. 3 for CP-OFDM and Fig. 4 for DFT-s-OFDM. 
[image: ]
(a)﷒NR DMRS type 1 with 4 ports               (b) NR DMRS type 1 with 8 ports 
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(c) NR DMRS type 2 with 6 ports               (d) NR DMRS type 2 with 12 ports 
[image: ]         [image: ][image: ]
(e) DMRS with 16 ports extended from NR type 1   (f) DMRS with 24 ports extended from NR type 2
Figure 3 Illustration of DMRS supporting 4, 6, 8, 12, 16 and 24 orthogonal DMRS ports for CP-OFDM
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(a)﷒NR DMRS type 1 with 4 ports               (b) NR DMRS type 1 with 8 ports 
[image: ] [image: ][image: ]
(e) DMRS with 16 ports extended from NR type 1   (f) DMRS with 24 ports extended from NR type 1
Figure 4 Illustration of DMRS supporting 4, 8, 16 and 24 orthogonal DMRS ports for DFT-s-OFDM
Proposal 1: Extending the DMRS design to support more than 12 orthogonal ports.
Joint selection of MA signature and DM-RS
To control the MA signature collision and DM-RS collision, extending the signature/DM-RS pool can be considered. Besides, reducing the collision probability via careful selection of signature and selection of DM-RS is another approach. 
For the selection of DM-RS and selection of signature, the most straightforward way is letting UE randomly select one signature within the signature pool and randomly select one DM-RS port within the candidate DM-RS resources. In this case, signature collision and DM-RS collision may happen in separate transmission cases as shown in Fig. 5, which would increase the overall collision probability. To avoid this situation, certain association between the signature selection and DM-RS selection can be defined to concentrate the signature collision and DM-RS collision into one case. As shown in the example in Fig. 6, the signature-DM-RS pair can be pre-defined, and UE select the signature-DM-RS pair randomly instead of selecting signature and DM-RS separately. 
[image: ]
Figure 5 Separate the selection of signature and RS results in diverse collision
[image: ]
Figure 6 Joint selection of signature and RS concentrate collision into one case
Proposal 2: Joint selection of MA signature and DM-RS should be supported. 
Resources configuration of NOMA
Compared to OMA cases, for NOMA transmission, at least the NOMA related settings (e.g. spreading factors) need to be configured. According to the simulation results of UGMA, different settings may be optimized for different cases/scenarios. This conclusion is in fact the same with other settings, such as MCS. 
[image: ][image: ]
Figure 7 Performance of different NOMA settings
In order to achieve a better performance, the NOMA related settings can be configured together with other settings, such as MCS. One example of the configuration of spreading factor together with MCS is shown in Table 1.
Table 1 Example of configuration of spreading factor together with MCS
	Modulation order
	Coding rates
	Spreading factor

	2
	0.2
	2

	4
	0.4
	4


Proposal 3: Configure the MA signatures together with other channel/scenario related settings, such MCS.
After the configuration of NOMA related settings, a group(s) of MA signatures can be obtained for both BS and UE sides. As an example, given the spreading factor, the spreading sequences of UGMA can be found in the description of MA signatures design [3]. Then the signature used for transmission can be decided from the group by UE itself (random selection) or by BS (pre-configured).
Generally, random selection and pre-configured are similar for large number of potential UE case. However, if the signatures needed to be reconfigured by such as dynamic scheduling, as the signatures of users within same physical resources may be related with each other, more resources may be needed to reconfigure the MA signatures. If some MA signatures can be select by UE itself, the resources for reconfiguration may be reduced. One possible way to do that is to pre-configure multiple groups of MA signatures. Then UE can select the MA signatures from one group based on corresponding channel state/scenario.
Proposal 4: Multiple MA signature groups can be used to configure the MA signatures for different channel/scenarios.
Transmission format for grant-free transmission
Considering the control overhead and delay can be reduced by simplified RACH procedure and UL grant-free transmission, a new transmission format can be considered for UL grant-free transmission and potential asynchronous transmission. An example UL transmission format is shown in Fig. 8. For the transmission format, a set of preamble, UL control channel, and data transmissions is considered. The functionality of each channel is described below.
· Preamble: used for BS to detect UL signal transmission. Preamble sequence may be different depending on whether RACH procedure is completed or omitted.
· UL control channel: used to carry ID to identify UE, buffer status report, UL control information, etc.
· Data transmission: to carry data.

[image: ]
Figure 8 Example of transmission format for RACH-less and UL grant-free transmission.
Proposal 5: Transmission format including a set of preamble, UL control channel, and data transmissions can be considered for UL grant-free transmission.
Conclusion
In this contribution, we mainly discussed collision control and MA signature configuration. Based on the discussion, our views are summarized as follows 
Observation 1: Collision control mechanism is needed for NOMA transmission.
Proposal 1: Extending the DMRS design to support more than 12 orthogonal ports.
Proposal 2: Joint selection of MA signature and DM-RS should be supported. 
Proposal 3: Configure the MA signatures together with other channel/scenario related settings, such MCS.
Proposal 4: Multiple MA signature groups can be used to configure the MA signatures for different channel/scenarios.
Proposal 5: Transmission format including a set of preamble, UL control channel, and data transmissions can be considered for UL grant-free transmission.
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